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© Porous metal bodies. 



© This invention is concerned with the production of hard, porous, sintered bodies consisting essentially of Al 
and Fe with, optionally. Sn and/or Cu and/or Cr. The mechanism of the invention relies upon the presence of a 
small amount of Mg and/or Ca to act as a getter for oxygen. In the preferred embodiment, particles of the metals 
can be extruded into honeycomb structures which can then be fired in the presence of Mg and/or Ca to yield 
sound high cell density structures of controlled porosity. 
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POROUS METAL BODIES 



The present invention relates to the fabrication of hard porous bodies particularly suitable as filter media 

m S Patent No 4.329.162). Whereas porous ceramic bodies continue to be a popular and usefun mao ana. 

sue ronments. there has been a desire to develop materia* exhibiting Vf*™*™^ *^ 
Lrmai reliance and resistance to corrosion in highly oxidizing atmospheres. Because of the greater 

extended service in extremely hostile environments, especially in such highly ox.d. 2 .ng atmospheres as the 
exhaust stream of an internal combustion engine. art 1 1 <? Patent 

Stainless steel substrates are common to the internal combustion catalytic converter art. U. S . Patent 
suaaests the use of sintered powder metal, generally, for use as porous filters. (Disclosed is the 
^^SSi^J. - use asa filter ^ — 

Z^TJTJLT^Z" SSn"^ So^nce of the porous substrate 
^^SSi^T^ni-on. U. S. Patent 4.582.677 disc.oses the use of 100% pure alummum. copper. 

™rT^^ — — — 

T' pS "f "er Inv^nin is to overcome the deficiencies of .e 
orovide a SdTorois metal body which exhibits a mechanical strength typical of metals and is capable o 
endufnc the ^ thermal eye ing and the oxidative corrosion inherent in the exhaust system of an interna 
c«So7ena?nT The stability of the present inventive substrate body in highly corrosive environments 
Zl^JfSZJ!^ environments as a substrate body with all of the above cited advantages. 

Summary of the Invention 

The above object can be achieved in bodies consisting essentially, as analyzed, of at least 80% by 
i weiglrt Al and Fe and no more than about 1% of an alkaline earth metal se.eeted from the group consisting 
" e I,T a Hence the basic inventive compositions consist essentially, as analyzed .n weight percent of 
aLou? Fe t£l Tand no more tSan about 1% Mg anoVor Ca. with useful optional additions 

Sing up to 10% Sn. up to 10% Cu. and up to 10% Cr. the total of Sn and Cu and Cr be.ng less than 

, As 20 ^ be appreciated. Fe constitutes the major structural component of the body: *e - preferred 
orooortioTthereof ranging about 70-90% with the most preferred being a concentration between 75-85 /= . A 
irnpaS *e ^^Zss^sis^ee to oxidation demanded in the products; the preferred level ranging about 
i?-ifi% with the most preferred products having about 14-15%. 

Throresence o. Mg and;or Ca promotes the sintering of the Fe-AI composition. Furthermore the 

5 incluston Tm 9 anlr Ca^nhibits the production of a layer of A.,0, on the Al. There is an intrinsic 
tendency tor a 10-20A .ayer of Al 2 0 3 to develop on the surface of A.; such a layer severely restnets ; the 
Entering o? Al particles. In essence, then, the Ca and Mg metals act as getters for oxygen, thereby 
Dermittina oood sintering of Al and Fe into sound, integral bodies. 

P AlZgh^he inclusion is not mandatory, the presence of up to 10% Sn is advantageous tc , faa -Ute and 
,o enhaTe sLring; the preferred composition interval being about 3-7% with P^^Zw Z^ 
Likewise whereas its inclusion is not necessary, the presence of up to 10 Cu is highly des.raDie. 
S '^as he apabX of inhibiting Sn sweating. Since Sn is insoluble in Al. the result of the ^ 
tccetSr of Al and Sn particles is the tendency of Sn to separate out. The mtroduction of Cu , limit i that 
Son and promotes the utility of Sn as a sintering aid in the A.-Fe system The effect of Cu ^addition 
ca^i discerned almost immediately: however, truly substantia, improvement ,n inhioitmg Sn separation 
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and enhancement of Sn as a sintering aid becomes apparent at about 3% Cu, with the preferred Cu levels 
ranging about 4-8.5% and the most preferred interval between about 5-7%. 

The addition of up to 10% Cr appears to increase the ductility of the final product. In general, at least 
"5% Cr will be required to import a significant improvement 
5 In the broadest terms, the process for preparing the hard porous bodies of the invention comprises 

sintering AI, Fe. and Mg and/or Ca with, optionally. Sn. Cu, and;or Cr into a sintering body. Two basic 
methods for carrying out the sintering procedure have been found operable. To illustrate: 
The first method contemplates four general steps: 
(a) a homogeneous mixture of the metals, preferably in finely particulate form, is prepared: 
'o (b) that mixture is blended into a sufficient amount of organic binder, vehicle medium to produce a 

readily formable admixture: 

(c) that admixture is formed into a shape of a desired configuration: and 
^ (d) that shape is fired in essentially non-oxidizing atmosphere to a temperature between about 
1000 -1400 # C for a sufficient length of time to vaporize off excess Mg and/or Ca and sinter the particles 
is together into a final shape of desired porosity. 

If desired, steps (a) and (b) may be combined by mixing the powders into the binder vehicle medium to 
form a homogeneous admixture. 

Because of the high reactivity of Mg and Ca metals at 1000 " -1400* C. a relatively small amount only, 
no more than about 0.5% by weight, will be required in the initial mixture. Much larger quantities e.g.. 5% or 
20 even more, will, of course, be operable, but such large amounts are not oniy unnecessary but they must be 
vaporized away so as not to comprise a substantial component of the final product. Furthermore, because 
of the extreme reactivity of metallic Mg and Ca, readily vaporizable compounds thereof, e.g., MgF 2 and 
CaF : . may desirably substituted therefor. 

The second method also comprehends four general steps: 
25 0) a homogeneous mixture of AI and Fe with, optionally, Sn, Cu, and/or Cr preferably in finely 

particulate form is prepared: 

(2) that mixture is blended into a sufficient amount of organic binder medium to produce a readily 
formable admixture; 

(3) that admixture is formed into a shape of desired configuration: and 

30 9 ( 4 ) tn ^t shape is fired in an essentially non-oxidizing atmosphere to a temperature between about 

1000* -1400 'C, preferably at least 1150* C, in close relation to, but at least partially out of direct contact 
w th. a source of Mg and/or Ca for a sufficient length of time to cause vapors of Mg and/or Ca to contact the 
particulate AI and to sinter together the particles of AI and Fe and any optional metal particles present into 
with a final shape of desired porosity. 

35 It was observed above that Mg and Ca vaporize at the temperatures used for sintering. This second 

method relies upon the transport of those vapors to the shaped admixture body to perform the necessary 
gettering of oxygen with consequent desired sintering. The porosity of the body permits ready permeation 
of the vapors therethrough. A mild flow of an essentially non-oxidizing gas, e.g., argon or helium, can 
expedite the gettering action of the Mg and/or Ca. The fluoride or other readily- vaporizable compound of 

40 Mg and/or Ca may again be substituted for the metal. The analysis of the final sintered product may reveal 
the presence of as little as a few ppm (parts/million) of Mg and/or Ca therein. Hence, the presence of Mg 
and/or Ca in the final product is not only unnecessary to produce the desired characteristics therein, but 
may be undesirable since the properties of the Fe/AI base material are adversely affected thereby. 
Accordingly, the preferred products will have no more than a few ppm Mg and/or Ca therein. 

45 To insure the absence of unwanted voids in the final body, the formed mixture of metal particles and 

organic binder-vehicle medium in both methods may be dried at room temperature or heated slightly, e.g., 
up to 500* C, to volatilize off the binder, and then fired to the sintering temperature. 

The shaping of the admixture of metal particles and organic binder into a "green." i.e., unfired. body 
can be undertaken through such means as cold pressing, hot pressing, isostatic pressing, molding, and 

50 rolling. In the preferred embodiment of the invention, however, the mixture is extruded through a die to form 
a green honeycomb structure. 

The size of metal particles employed is dependent upon the complexity of shape configuration and wall 
thickness involved, as well as the level of porosity and the size of pores desired in the final product. Hence, 
whereas coarse particles, e.g.. particles passing a No. 6 U. S. Standard Sieve (3.36 mm), can be pressed 

55 into integral bodies, particles passing a No. 100 U. S. Standard Sieve (149 microns) are much preferred for 
close control of porosity and size of pores, with particles passing. a. No. 325 U. S. Standard Sieve (44 
microns) being the most preferred. The latter-sized particles are of particular utility in the extrusion of 
honeycomb structures having very thin walls between the cells. 
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The size of the pores is a function of particle size and the temperature and time of the sintering 
process Hence, the pore size can vary widely. Excessively high temperatures and/or long fir.ng dmes may 
Sad tc to small pores, whereas undersintering can leave too large pores. Nevertheless the use of the 
body as a f,L medium requires rather Cose control over pore size, the size demanded * 
the material to be removed from the fluid. In general, in honeycomb structures destined for niter med.a >n 
exhaust streams of interna, combustion engines, the pore size will be held with.n 'W** we6n 
about 1-100 microns, w.th pores tightly controlled in size between about 10-50 m.crons 

The level of total porosity is also a function of particle size and the temperature a d me of the 
sintering process. Hence, in like manner to pore size, total porosity can vary widely.. In honeycomb 
structures designed, for use as filter media in exhaust streams of interna, combustion eng.nes, howeve . he 
porosity will range between about 25-75°/. by volume. Below 25% the pressure requ.red to force ,Jm 
exhaust gases through the filter becomes excessive. At about 75% the structure becomes weak. A poros.ty 
between about 40-60% is preferred. . . , n 

vS *e above conditions in mind, honeycomb structures can be extruded having cell dens.ties from 10 
to greater than 2400 cells/in* with cel. walls as thin as about 75 microns. The preferred structures have ceil 
denies of^out 50-600 ce.lsrin* with wall thicknesses varying over the range of about 100-700 m.crons. 

The invenfion herein described may also be advantageously applied as a diese. part.cu.ate filter as 
before described in U.S. patent 4.329.162, incorporated herein by reference. 



Description of Preferred Embodiment 
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In the examples reported in the following table, small discs of the compositions were formed by ball 
milling powders of the components in isopropyl alcohol, drying the powder mixture for about 4 ^ hours tat a 
temperature of about 95* C. and then dry pressing the powder mixture into discs havng a d.ameter of about 
20 mm and a height of 5 mm. The discs were thereafter fired for about one hour m an atmosph e of 
Sowing argon at a temperature of about 1300'C. For convenience, the commercial ly-ava..able 50 . by 
weigh? iron" 50% by weight aluminum alloy was emptoyed as a source of both iron and — ^ 
iron powder was added to provide the high iron content of the examples. Because bod.es of h,gh 
efracSriness were desired, the aluminum level was held to a maximum of about 15%. Th- n^njwrt 
the products falls as the aluminum concentration rises above 15%. Oxidation res.stance of the final produce 
is imoroved however, as the proportion of aluminum \s increased. 

Z compositions recited inweight percent in the table reflect powder concentrations « JJJW-I 
batch since, as was observed above, the Mg and/or Ca component vaponzes away dunng the form ng step. 
Hence, there may be no more than a few ppm (parts/million) of those components rema.n.ng .n the fired 

Pr °Tn Ct the table "Yes" indicates a visual appraisal of good sintering of the discs; "No" records a visual 
appraisal of poor sintering, if any. 
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Table 



5 


Example 


Fe 


Al 


Sn 


CU 


Ma 


Ca 


Sint-^r 




A 


81.6 


13 . 1 


2.0 


3 . 3 






No 




B 


77.1 


14. 9 


5.0 




3. 0 




ICO 


10 


c 


71.5 


14 • 0 


5.0 


6.5 


3 . 0 




Vpe 

1 




D 


73 . 5 


14 . 0 


4 5 

"S.J 


6 5 


X.J 




Vac 

x es 




E 


81. 0 


14 . 0 


2 . 0 




J * w 




iNO 


15 


F 


72 . 5 


14 . 0 


4 5 




2 5 
£ . j 




X cS 




G 


76 . 6 


14 9 

x*t « ? 


j • -j 




j . a 




iNO 




H 


82 0 


1 7 0 










NO 




T 

J. 


-86 0 


14 0 










NO 


20 


T 


7Q c 

/ y « d 


1 A A 

14 • U 




6 . 5 






No 




K 


74.5 


14.0 


5.0 


6.5 






No 




L 


71.5 


14.0 


5.0 


6.5 


3.0 




Yes 2 


25 


M 


73.5 


14.0 


5.0 


6.5 




1.0 


Yes 3 




N 


71.5 


14.0 


5.0 


6.5 




3.0 


Yes 3 




O 


73.5 


14.0 


4.5 


6.5 




1.5 


Yes 3 


30 


P 


75.5 


14.0 


4.0 


6.5 






No 


Q 


81.0 


12.0 


5.0 


2.0 






No 



disc calcined at 600°C prior to sintering 
MgF2 source of Mg 
CaF 2 source of Ca 

An inspection of the table, immediately confirms the need for Mg and/or Ca to be present. Also, a 
comparison of Examples C and L demonstrates a readily-vaporizable compound of Mg can be used in 
substitution for metallic Mg. Finally, Table I illustrates that only a small amount of Mg and/or Ca will be 
•* 5 operable as a getter for oxygen, thereby enabling the desired sintering of aluminum and iron with, 
! optionally, copper and/or tin and/or chromium into a hard porous body. The inclusion of tin has been found 

especially advantageous in enhancing the oxidation resistance of the final product particularly when the 
product is subjected to thermal cycling; e.g.; repeated heatings to 1000*C and cooling to room tempera- 
ture. 

50 To demonstrate the capability of forming a hard, porous, sintered honeycomb structures, powder of the 
commercial Fe/AI alloy and additional powdered iron to yield a combination approximately 84.4% by weight 
Fe and 15.6% by weight Al (both powders passing a No. 325 United States Standard Sieve) were mixed 
with about 3-8% by weight methylcellulose. 0.5% by weight zinc stearate lubricant, and a 0.5-1% by weight 
oleic acid wetting agent, and that mixture extruded into a cylindrical honeycomb structure having a 4" 

55 diameter, a length of 15', and a 400 celUn 2 cross section with cell wall thickness of about 150 microns. The 
honeycombs were dried as 12" lengths at a temperature below about 300* C for 12 hours. Samples having 
a length of about 4" were cut from the honeycombs and placed into molybdenum boats and/or alumina 
crucibles. A charge of Mg metal or MgF 2 was placed in molybdenum boats and those boats positioned 
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adjacent to those containing the honeycomb samples. The juxtaposed boats were then fired for about 15-30 
minutes in an atmosphere of mildly flowing argon at temperatures between 1150 -1300 C. The sintered 
structures resulting therefrom exhibited a porosity ranging between about 40-50% with pore sizes varying 
about 1-20 microns. 



Claims 

1 A hard porous body consisting essentially, as analyzed in weight percent, of 5-50% AJ, 30-90% Fe. 
,o the sum AJ and Fe constituting at least 80% of the total composition. 0-10% Sn. 0-10% Cu. 0-10% Cr. the 
sum Sn and Cu and Cr being less than 20%, and not more than 1% of an alkaline eartn metal selected 
from the group consisting of Mg and Ca. . 

2. A body according to claim 1 wherein said Al is present in an amount of 12-16%. said Fe .s present .n 
an amount of 70-90%. and said alkaline earth metal is present in an amount of a few ppm. 
, 5 3. A body according to claim 1 wherein said Sn is present in an amount of 3-7% and said Cu is present 

in an amount of 3-8.5%. 

4 A body according to claim 3 wherein said Cr is present in an amount of at least 5 

5. A body according to claim 1 having a porosity of about 25-75% by volume with pores ranging 

between 1-100 microns in size. . . 

20 6 A hard, porous body according to any one of claims 1-5. which is a honeycomb structure having a 
cell density of at least 10 cells/in 2 with the walls of said cells having a thickness of at least 75 microns, said 
structure being composed of a material having a porosity of about 25-75% by volume, with pores ranging 
between about 1-100 microns in size, and containing about 30-40% Fe. 

7. A structure according to claim 6 wherein said cell density ranges between about 50-600 cells, in and 
25 said cell walls range in thickness between about 100-700 microns. 

8. A structure according to claim 6 wherein the porosity of said material ranges about 40-60 . by 
volume and the size of the pores ranges about 10-50 microns. 

9 A method for producing a hard porous body according to any one of claim 1-8, characterized by 
a) preparing a homogeneous mixture of particulate Al. Fe. and, optionally. Sn. Cu. and Cu in the 
30 proper proportions with at least 0.5% particulate alkaline earth metal or an amount of a part.culate read.ly- 
vaporizable alkaline earth metal compound sufficient to yield at least 0.5% alkaline earth metal in an organic 
bindei 'vehicle; 

(b) forming said mixture into a shape of a desired configuration; and then 

(c) firing said shape in an essentially non-oxidizing atmosphere to a temperature between about 
35 1000' -1400' C for a sufficient length of time to vaporize off any excess alkaline earth metal and to sinter 

the metal particles together into a sound, integral body of desired porosity- 

10. A method for producing a hard porous body according to any one of claims 1-8. wh.ch comprises 

the steps ° f repafjng a homogeneous mixture of particulate Al. Fe. and. optionally, Sn. Cu. and Cr in the 
jo proper proportions in an organic binder/vehicle medium; 

(b) forming said mixture into a shape of a desired configuration; and then 

(c) firing said shape in an essentially non-oxidizing atmosphere to a temperature between about 
1000' -1400* C in close relation to. but at least partially out of contact with, a source of particulate alkaline 
earth metal selected from the group of Mg and Ca or a particulate readily-vaporizable alkaline earth metal 

45 compound for a sufficient length of time to cause vapors of said alkaline earth metal to contact the 
particulate Fe and Al and to sinter the metal particles together into a sound, integral body of desired 
Dorositv 

11 A method according to claim 9 or 10 wherein said formed mixture of Step (b) is first dried at 
ambient temperature or at an elevated temperature below about 500 'C to volatilize off said organ.c 
so binder vehicle medium, and then fired to sinter the particles together. 

12. A method according to claim 9 or 10 wherein said particulate materials are of a size to pass a No. 
1 00 United States Standard Sieve. _ 

13 A method according to claim 9 or 10 wherein said mixture of Step (a) is extruded into a honeycomb 
structure and then fired to produce a sound, integral honeycomb structure having a cell density of at least 
55 10 cells in* with the walls of said cells having a thickness of at least 75 microns, the material comprising 
said structure having a porosity of about 25-75% by volume with pores ranging between about 1-100 
microns in size. 
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© Porous metal bodies. 



© This invention is concerned with the production 
of hard, porous, sintered bodies consisting essen- 
tially of Al and Fe with, optionally, Sn and/or Cu 
and/or Cr. The mechanism of the invention relies 
upon the presence of a small amount of Mg and/or 
Ca to act as a getter for oxygen. In the preferred 
embodiment, particles of the metals can be extruded 
into honeycomb structures which can then be fired 
(vjin the presence of Mg and/or Ca to yield sound high 
^cell density structures of controlled porosity. 
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